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5 TITLE OF THE INVENTION 

TONER FOR IMAGE FORMATION, METHOD OF PRODUCING THE TONER, 
TONER CONTAINER, TONER CARTRIDGE, PROCESS CARTRIDGE, AND 

IMAGE FORMING APPARATUS 

10 BACKGROUND OF THE INVENTION 

Field of Invention 

The present invention relates to a toner for image formation, a method of 
producing the toner, a toner container, a toner cartridge, and a process cartridge for 
containing the toner therein, and an image forming apparatus to which such a toner 
15 container, toner cartridge or process cartridge is detachably attached. 

Discussion of the Background 

Electrophotographic image formation can be carried out by various methods, but 
it is generally carried out by forming a latent electrostatic image on the surface of a 

20 photoconductor which is prepared by use of a photoconductive material, developing the 
latent electrostatic image to a visible toner image with a developer, and when necessary, 
transferring the toner image to a transfer sheet such as a sheet of paper, and fixing the 
transferred toner image to the transfer sheet with application of heat and/or pressure, or by 
the application of the vapor of a solvent thereto, as described in, for instance, U.S. Patent 

25 No. 2,297, 691, JP-B-49-23910, and JP-B-43-24748. 

Methods of developing latent electrostatic images to visible toner images can be 
broadly divided into two groups. One is of a liquid development type, which uses a liquid 
developer composed of various kinds of pigments and/or dyes, which are finely divided 
and dispersed in an electrically insulating organic solvent, and the other is of a dry 

30 development type, which uses a dry developer (hereinafter referred to as toner) which can 
be prepared by dispersing a coloring agent such as carbon black in a natural or synthetic 
resin. In the dry type development, for instance, a cascade method and a magnetic brush 
method can be employed for developing latent electrostatic images formed on the 
photoconductor. 

35 In recent years, the dry type development is widely used. 

In the dry type development, a heat roller is generally used for fixing toner 
images on the transfer sheet due to the excellent heat transfer efficiency of the heat roller. 

In recent years, for energy saving, there is a growing tendency to reduce the 
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5 amount of energy to be applied to the toner for fixing thereof. 

In 1999, a technical research project concerning copying machines for the next 
generation in DMS (Demand-Side Management) Program of EEA (International Energy 
Association) announced the specifications for copiers with a copying speed of 30 cpm or 
more to the effect that it is required that the waiting time for starting image fixing be 

10 within 10 seconds, and the power consumption during the waiting time be in the range of 
10 to 30 watt, although the power consumption differs depending upon copying speed. 
The energy saving required to be achieved in the specifications is significantly greater 
than that achieved in the currently employed copying machines. 

As a method for meeting the above requirement, there may be a method of 

15 reducing the heat capacity of an image fixing member such as an image fixing roller, 
thereby increasing the temperature response of the image fixing member to the toner 
heated. However, this method cannot sufficiently meet the requirement. 

For minimizing the waiting time to meet the above requirement, the lowering of 
the image fixing temperature of the toner itself is considered to be technically essential. 

20 In order to achieve the low-temperature image fixing, a polyester resin, which 

has excellent low-temperature image fixing performance and relatively good heat 
resistance and thermal preservability, has been tested instead of the styrene-acrylic resin 
which has conventionally used in many cases as disclosed in JP-A-60-90344, 
JP-A-64-15755, JP-A-2-82267, JP-A-3-229264, JPA-3-41470, and JP-A-1 1-305486. 

25 Furthermore, it was tried that a particular non-olefinic crystalline polymer was 

added to a binder in order to improve the low-temperature image fixing performance as 
disclosed in JP-A-62-63940. 

Furthermore, it was tried that a crystalline polyester was used as disclosed in 
Japanese Patent No. 2931899. However, no optimization has not yet been made with 

30 respect to the molecular structure and molecular weight thereof. 

Even if the above-mentioned prior is used, it is still impossible to meet the 
requirements described in the specifications of DMS (Demand-Side Management) 
Program. In order to meet the requirements, the establishment of a further more advanced 
low-temperature image fixing technology than the conventional one is indispensable. 

35 In order to attain a further lower temperature image fixing, it is necessary to 

control the thermal characteristics of the resin itself to be used. However, if the glass 
transition temperature (Tg) of the resin is excessively lowered, the heat resistance and 
thermal preservability of the toner are impaired. When the softening point Fy 2 of the 
resin is lowered by use of a resin with a smaller molecular weight, problems such as the 

40 lowering of the hot-offset occurring temperature are caused. For these reasons, the 
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5 obtaining a toner having excellent low-temperature image-fixing performance and high 
hot-offset occurring temperature has not been obtained by controlling the thermal 
characteristics of the resin itself. 

In order to eliminate these shortcomings, there has been proposed a technique of 
using a polyester resin as a binder resin and preparing toner particles in water by utilizing 
10 an isocyanate reaction as disclosed in JP-A-1 1-149180. However, it cannot be said that 
the low-temperature image fixing can be sufficiently achieved. Furthermore, it is difficult 
to apply this method to a negative toner, since the toner becomes positively chargeable 
due to the formation of a urea group by the isocyanate-amine reaction. 

15 SUMMARY OF THE INVENTION 

Accordingly, one object of the present invention is to provide a toner for 
developing latent electrostatic images, for instance, for use in electrophotography, 
electrostatic recording, and electrostatic printing, which toner has a sufficient 

20 low-temperature image fixing performance, a sufficiently broad image fixing temperature 
range, and excellent toner chargeability by which highly precise images can be obtained. 

Another object of the present invention is to provide a container, a toner 
cartridge, and a process cartridge in which the toner is loaded, and an image forming 
apparatus in which the toner is used. 

25 A further object of the present invention is to provide a method of producing the 

toner. 

These and other objects of the present invention are satisfied, either individually 
or in combination, by the discovery of a toner for image formation, which is produced by 
dispersing in an aqueous solvent a toner composition which comprises (1) a composition 

30 which is thermally soluble in an organic solvent and (2) a coloring agent, thereby forming 
toner particles, wherein the thermally soluble composition comprises a polyester with an 
acid value and a metal alcolate and/ a metal chelate compound, or a toner for image 
formation, which is produced by dispersing in an aqueous solvent a toner composition 
which comprises (1) a composition thermally soluble in an organic solvent and (2) a 

35 coloring agent, thereby forming toner particles, wherein when the solvent is eliminated 
from the toner composition, the thermally soluble composition comprises a gel structure 
comprising a polyester with an acid value and a metal alcolate and/ a metal chelate 
compound. 

In the above toners, it is preferable that the polyester has an acid value of 
40 3 to4mgKOH7g. 
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5 Furthermore, in the above toners, it is preferable that the metal alcolate and/or 

metal chelate compound comprise at least one metal ion selected from the group 
consisting of aluminum ion, titanium ion, and zirconium ion. 

According to the present invention, the above toner can be produced by 
dispersing in an aqueous solvent a toner composition which comprises (1) a composition 
10 thermally soluble in an organic solvent and (2) a coloring agent, thereby forming toner 
particles, wherein the thermally soluble composition comprises a polyester with an acid 
value and a metal alcolate and/ a metal chelate compound. 

The present invention provides a container, a toner cartridge and a process 
cartridge, each comprising the above toner. 
15 Furthermore, the present invention provides an image forming apparatus in 

which the above toner can be used, or on which any of the toner cartridge and the process 
cartridge is detachably mounted. 



20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The inventors of the present invention have discovered that in a method of 
obtaining in an aqueous solvent a toner which comprises a polyester resin as a base 
component, when the solvent is removed from the resin which constitutes the toner, the 
25 resin comes to have a three-dimensional cross-linked structure with a metal chelate 
compound, which improves the low-temperature image fixing performance and prevents 
the occurrence of the offset of the toner even heated to high temperatures. Furthermore, in 
this method, a nitrogen-containing compound such as isocyanate is not contained in the 
toner when the cross-linked structure is obtained, so that an extremely stable negatively 
30 chargeable toner can be obtained. 

The toner of the present invention comprises as constituent components a binder 
resin, a coloring agent, wax, and if necessary, a charge controlling agent, organic resin 
particles, and other additives. 

There is no particular limitation to the binder resins for use in the present 
35 invention as long as the binder resins are soluble in organic solvents. In this sense, 
conventional polyester resin can be used. 

A specific example of the binder resin is a polycondensation product of a polyol 
(1) and a polycarboxylic acid (2). 

Examples of the polyol (1) are a diol (1-1) and a polyol (1-2) having three or 
40 more hydroxyl groups. As such a polyol, the diol (1) only or a mixture of the diol (1-1) 
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5 and a small amount of the polyol (1-2) is preferable for use. 

Examples of the diol (1-1) are an alkylene glycol having 2 to 18 carbon atoms 
such as ethylene glycol, 2.2-propylene glycol, 1,3-propylene glycol, 1 ,4-butanediol, 
neopentyl glycol, andl,6-hexanediol; an alkylene ether glycol having 4 to 1000 carbon 
atoms such as diethylene glycol, triethylene glycol, dipropylene glycol, polyethylene 

10 glycol, and polytetramethylene ether glycol; alicyclic diol having 5 to 18 carbon atoms 
such as 1 ,4-cyclohexanedimethanol and hydrogenated bisphenol A; bisphenols having 12 
to 23 carbon atoms such as bisphenol A, bisphenol F, and bisphenol S; alkylene oxide 
(having 2 to 1 8 carbon atoms) (such as ethylene oxide, propylene oxide, butylene oxide, 
and a-olefin oxide) of the above-mentioned alicyclic diol or bisphenols, with the addition 

15 mole number being 2 to 20. Of the above-mentioned compounds, preferable are the 
alkylene glycol having 2 to 12 carbon atoms, and the alkylene oxide (having 2 to 18 
carbon atoms) addition products of bisphenols. Particularly preferable are alkylene oxide 
addition products of bisphenols (bisphenol A in particular) (in particular, the addition 
product of 2 to 3 moles of ethylene oxide or propylene oxide), and the alkylene oxide 

20 addition products of bisphenols used in combination with an alkylene glycol having 2 to 
12 carbon atoms such as ethylene glycol, 1,2-propylene glycol, 1,4-butanediol and 
neopentyl glycol. When the alkylene oxide addition products of bisphenols and the 
alkylene glycol having 2 to 12 carbon atoms are used in combination, the alkylene oxide 
addition products of bisphenols are usually used in an amount of 30 mole% or more, 

25 preferably in an amount of 50 mole% or more, more preferably in an amount of 70 mole% 
or more. 

Examples of the polyol (1-2) having three or more hydroxyl groups are a 
polyhydric aliphatic alcohol having 3 to 8 hydroxyl groups or more hydroxyl groups, 
such as glycerin, trimethylolethane, trimethylolpropane, pentaerythritol, and sorbitol; 
30 phenols having 3 to 8 hydroxyl groups or more hydroxyl groups such as tris-phenol PA, 
phenol novolak, and cresol novolak; and alkylene oxide (having 2 to 18 carbon atoms) 
add of the above-mentioned alicyclic diol or bisphenols, with the addition mole number 
being 2 to 20. 

Examples of the polycarboxylic acid (2) are a dicarboxylic acid (2-1) and a 
35 polycarboxylic acid (2-2) having three or more carboxyl groups. As such a pocrboxylic 
acid, the dicarboxylic acid (2) only or a mixture of the dicarboxylic acid (2-1) and a small 
amount of the polycarboxylic acid (2-2) is preferable for use. 

Examples of the dicarboxylic acid (2-1) are an alkylene dicarboxylic acid having 
2 to 20 carbon atoms such as succinic acid, adipic acid, sebacic acid, dodecane 
40 dicarboxylic acid, dodecenylsuccinic acid, and dodecylsuccinic acid; and alkenylene 
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5 dicarboxylic acid such as maleic acid and fomaric acid; an aromatic dicarboxylic acid 
such as phthalic acid, isophthalic acid, terephthalic acid, and naphthalenedicrboxylic acid. 
Of these compounds, preferable are an alkylene dicarboxylic acid having 4 to 20 carbon 
atoms, in particular, adipic acid and dodecenylsuccinic acid, and an aromatic dicarboxylic 
acid having 8 to 20 carbon atoms, in particular, isophthalic acid and terephthalic acid. 

10 Examples of the polycarboxylic acid having three or more carboxylic groups 

(2-2) are an aromatic polycarboxylic acid having 9 to 20 carbon atoms such as trimellitic 
acid and pyromellitic acid. 

The polycarboxylic acid (2) may also be obtained by allowing the anhydride of 
any of the above acids or the lower alkyl ester such as methyl ester, ethyl ester or 

15 isopropyl ester of the above acids to react with the polyol (1). 

The ratio of the polyol (1) to the polycarboxylic acid (2) is usually in the range of 
from 2/1 to 1/2, preferably from 1.5/1 to 1/1.5, more preferably from 1.3/1 to 1/1.3, in 
terms of the molar ratio of hydroxyl group [OH]/carboxyl group [COOH]. 

As the binder resin for use in the present invention, it is preferable to use two or 

20 more of the above-mentioned resins in combination. More specifically, a polyester resin 
having an acid value and a polyester resin having no acid value are used in combination. 
The polyester resin having an acid value, in the course of the production thereof, assumes 
a three-dimensional cross-linked structure by reacting with a metal alcolate and/or a metal 
chelate compound at the elimination of the solvent, whereby the low-temperature image 

25 fixing performance and the securing of a predetermined image fixing temperature range 
are balanced. 

The acid value of the polyester resin having an acid value is normally in the 
range of 3 to 50 mg KOH/g, preferably in the range of 4 to 45 mg KOH/g, more 
preferably 5 to 40 mg KOH/g. In the case where only a binder resin with an acid value of 

30 less than 3 mg KOH/g is used for the contraction of the toner, the reaction with the metal 
alcolate and/or the metal chelate compound does not proceed, so that the 
three-dimensional structure cannot be sufficiently formed and the predetermined image 
fixing range cannot be securely obtained. When the acid value exceeds 50 mg KOH/g, 
the cross-linked structure becomes too dense to secure the predetermined image fixing 

35 range. The mixing ratio of the resin having such an acid value to the resin having no acid 
value is 2/98 to 65/35, preferably 5/95 to 60/40, more preferably 1 0/90 to 50/50 by weight 
in the toner. Tg of the polyester is normally 0 to 100°C, preferably 5 to 90°C, more 
preferably 10 to 80°C. 

The weight average molecular weight of the polyester resin is 1000 to 50000, 

40 preferably 2000 to 40000, more preferably 3000 to 30000. In the case of a resin with a 
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5 weight average molecular weight of less than 1000, in particular, when used as a polyester 
resin with an acid value, the predetermined image fixing temperature range cannot be 
secured, while in the case of a resin with a weight average molecular weight of more than 
500000, in particular when used as a polyester resin without acid value, the 
low-temperature image fixing performance is not exhibited. 

10 The metal alcolate and/or metal chelate compound for use in the present 

invention is soluble in organic solvents. There is no particular limitation to the metal 
alcolate and/or metal chelate compound. Conventional alcolates and/or metal chalete 
compounds can be employed as long as a chelate cross-linking reaction takes place 
between the metal alcolate and/or metal chelate compound and an acid value generating 

15 portion of the resin upon the organic solvent being eliminated in the course of the 
preparation of the toner. Such a metal alcolate and/or metal chelate compound is 
preferably selected from the group of the alcolates and/or metal chalete compounds with 
the metal site thereof being of bivalent or more. 

More specifically, as the alcolate, there can be employed aluminum trimethylate, 

20 aluminum triethylate, aluminum tri-n-propylate, aluminum isoproprolylate, 
mono-sec-butoxy aluminum diisopropylate, aluminum tri-sec-butylate, and aluminum 
t-butylate. 

As the chelate compound, there can be selected from group of compounds with 
keto-enol type ligands being attached to partial or total sites thereof. Specifically, there 
25 can be employed ethyl acetoacetate aluminum diisopropylate, diethylacetoacetate 
aluminum isopropylate, aluminum trisethyl acetoacetate, alkylacetoacetate aluminum 
dialkylate, aluminum monoacetyl acetonate bisethylacetoacetate, and aluminum trisethyl 
acetoacetate alkyl. Furthermore, cyclic compounds of the above compounds can also be 
employed. 

30 When the metal is zirconium, there can be employed alcolates such as zirconium 

trimethylate, zirconium triethylate, zirconium tri-n-propylate, zirconium isopropylate, 
mono-sec-butoxy zirconium diisopropylate, zirconium tri-sec-butylate, and zirconium 
tri-t-butylate. 

As the chelate compound, there can be selected from group of compounds with 
35 keto-enol type ligands being attached to partial or total sites thereof. Specifically, there 
can be employed ethyl acetoacetate zirconium diisopropylate, diethylacetoacetate 
zirconium isopropylate, zirconium trisethyl acetoacetate, alkylacetoacetate zirconium 
dialkylate, zirconium monoacetyl acetonate bisethylacetoacetate, and zirconium trisethyl 
acetoacetate alkyl. Furthermore, cyclic compounds of the above compounds can also be 
40 employed. 
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5 When the metal is titanium, there can be employed alcolates such as titanium 

trimethylate, titanium triethylate, titanium tri-n-propylate, titanium isopropylate, 
mono-sec-butoxy titanium diisopropylate, titanium tri-sec-butylate, and titanium 
tri-t-butylate. 

As the chelate compound, there can be selected from group of compounds with 

10 keto-enol type ligands being attached to partial or total sites thereof. Specifically, there 
can be employed ethyl acetoacetate titanium diisopropylate, diethylacetoacetate titanium 
isopropylate, titanium trisethyl acetoacetate, alkylacetoacetate titanium dialkylate, 
titanium monoacetyl acetonate bisethylacetoacetate, and titanium trisethyl acetoacetate 
alkyl. Furthermore, cyclic compounds of the above compounds can also be employed. 

15 In order to have the toner of the present invention exhibit the low-temperature 

image fixing performance, excellent image fixing temperature range, and excellent ■ 
negative chargeability, the metal alcolate and/or the metal chelate compound is contained 
in such an amount that the equivalent ratio of the acid value generating functional group 
of the polyester resin having an acid value to that of the metal in terms of the valence 

20 thereof is 0.3 to 2.5, preferably 0.4 to 2.4, more preferably 0.5 to 2.3. When the amount is 
less than 0.3 in terms of the ratio, the cross-linking reaction density is so insufficient that 
excellent image fixing temperature range cannot be obtained, and when the amount is 
more than 2.5 in terms of the ratio, the cross-linking reaction density is likewise so 
insufficient that the result is the same as in the case where the amount is less than 0.3 in 

25 terms of the molar ratio. 

The coloring agent for use in the toner of the present invention may be an 
inorganic pigment, an organic pigment, an organic dye, or a combination of any of them. 

Specific examples thereof are carbon black, aniline blue, Phthalocyanine Blue, 
Phthalocyanine Green, Hansa Yellow, Rhodamine pigment, Chrome Yellow, 

30 quinacridone, Benzidine Yellow, Rose Bengale, triarylmethane dye, monoazo dyes and 
pigments, disazo dyes and pigments, and condensation azo dyes and pigments. Any 
conventional dyes and pigments can be used alone or in combination. 

In the case of a full color toner, it is preferable to use for yellow Benzidine 
Yellow, monoazo dyes and pigment, and condensation dyes and pigments; for magenta 

35 quinacryidone, and monoazo dyes and pigments; for cyan Phthalocyanine Blue. Of these 
coloring agents, it is preferable to use as a cyan coloring agent Pigment Blue 15:3, as a 
yellow pigment Pigment Yellow 74 and Pigment Yellow 93, as a magenta coloring agent, 
quinacridone type compounds. 

The amount of the coloring agent to be added is preferably in the range of 2 to 25 

40 parts by weight to 100 parts by weight of the binder resin. 



5 The coloring agent for use in the present invention can be used in the form of a 

master batch which is a composite of the coloring agent and a resin. As a binder resin for 
the production of the master batch or as a binder resin to be kneaded with the master batch, 
there can be employed polystyrene, and polymers of styrene and substituted styrenes such 
as p-chlorostyrene and polyvinyl toluene, in addition to the above-mentioned polyester 

10 resin; styrene copolymers such as styrene - p-chlorostyrene copolymer, styrene - 
propylene copolymer, styrene — vinyltoluene copolymer, styrene - vinylnaphthalene 
copolymer, styrene - methyl acrylate copolymer, styrene - ethyl acrylate copolymer, 
styrene - butyl acrylate copolymer, styrene - octyl acrylate copolymer, styrene - methyl 
methacrylate copolymer, styrene - ethyl methacrylate copolymer, styrene - butyl 

15 methacrylate copolymer, styrene - methyl cx-chloromethacrylate copolymer, styrene - 
isoprene copolymer, styrene - acrylonitrile - indene copolymer, styrene - maleic acid 
copolymer, and styrene - maleic acid ester copolymer; polymethyl methacrylate, 
polybutyl methacrylate, polyvinyl chloride, polyvinyl acetate, polyethylene, 
polypropylene, polyester, epoxy resin, epoxy polyol resin, polyurethane, polyamide, 

20 polyvinyl butyral, polyacrylic acid resin, rosin, modified resin, terpene resin, aliphatic 
or alicyclic hydrocarbon resin, aromatic petroleum resin, chlorinated paraffin, and 
paraffin wax. These can be used alone or in combination. 

The master batch can be obtained by mixing the resin for the master batch and 
the coloring agent with the application of high shear force and kneading the mixture. At 

25 this moment, an organic solvent can be used in order to enhance the interaction between 
the coloring agent and the resin. 

In addition, a so-called flashing method can be preferably employed, in which 
an aqueous paste of the coloring agent and water is kneaded together with the resin and 
an organic solvent, whereby the coloring agent is transferred to the side of the resin, and 

30 the water and the organic solvent are removed therefrom to form a wet cake of the 
coloring agent. In this method, the wet cake of the coloring agent can be used as it is, so 
that it is unnecessary to dry the mixture. For performing the mixing and the kneadling, 
a dispersing apparatus with high shear force, such as a three-roll mill, can be preferably 
employed. 

35 As the charge controlling agent, which is used in the toner of the present 

invention when necessary, conventional charge controlling agents can be used alone or in 
combination. Specifically, there can be given metal chelate compounds, metal salts of 
organic acids, metal-containing dyes, Nigrosine dyes, amide-group-containing 
compound, phenol compound and naphthol compound and metal salts thereof, 

40 urethane-bond-containing compounds, and acidic or electron-attractive organic materials. 
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5 When the adaptability to color toner is taken into account (that is, the charge controlling 
agent itself being colorless or pale and having no color hindrance to toner), for negative 
charging, preferable are metal salts and metal complexes of salicylic acid or alkyl 
salicylic acid with chromium, zinc, and aluminum, metal salts and metal complexes of 
benzilic acid, amide compound, phenol compound, naphthol compound, phenol amide 

10 compound, and hydroxynaphthalene compound such as 4,4'-methylenebis- [2-[N-(4- 
chlorophenyl)amide]-3-hydroxynaphthalene. The amount thereof for use may be 
determined in accordance with the desired charge quantity, but normally 0.01 to 10 parts 
by weight, preferably 0. 1 to 10 parts of the charge controlling agent are used per 100 parts 
by weight of a binder agent. 

15 As the wax for use in the present invention, there can be employed conventional 

waxes, for example, polyolefin waxes such as polyethylene wax, and polypropylene wax; 
long-chain hydrocarbons such as paraffin wax and polypropyle wax; and 
carbonyl-group-containing wax. Of these waxes, carbonyl-group-containing wax is 
preferable for use. Specific examples of the carbonyl-group-containing wax are 

20 polyalkanic acid ester such as carnauba wax, montan wax, trimethylolpropane 
tribehenate, pentaerythritol tetrabehenate, pentaerythritol diacetate dibehenate, glycerin 
tribehenate, and 1,18-octadecanediol-bisstearate; polyalkanol ester such as tristearly 
trimellitate and distearyl maleate; polyalkanamide such as ethylene diamine 
dibehenylamide; polyalkyl amide such as trimellitic acid tristearyl amide; and dialkyl 

25 ketone such as distearly ketone. Of these carbonyl-group-containing waxes, polyalkanic 
acid ester is preferable. The content of the wax in the toner is usually in the range of from 
0 to 40 wt.%, preferably in the range of from 2 to 30 wt.%, more preferably in the range of 
from 3 to 30 wt.%. 

The method of producing the toner of the present invention can be carried out by 
30 dispersing in an aqueous solvent a toner composition which comprises (1) a composition 
thermally soluble in an organic solvent and (2) a coloring agent, thereby forming toner 
particles. The following are preferable examples thereof, but the present invention is not 
limited thereto: 

A dispersion comprising (a) a polyester resin dissolved in an organic solvent, (b) 
35 a coloring agent, and (c) a metal alcolate and/or a metal chelate compound is dispersed in 
an aqueous solvent, whereby a toner particle matrix is formed. From this mixture the 
organic solvent is removed, whereby the desired toner particles are obtained. 

As a method of forming the toner particle matrix in a stable manner in the 
aqueous solvent, there can be given, for example, a method of adding the 
40 above-mentioned dispersion to the aqueous solvent, and dispersing the dispersion with 
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5 the application of shear force thereto. 

In the present invention, it is not always necessary that other raw materials for 
the toner, such as the coloring agent, a releasing agent, and a charge controlling agent be 
mixed before the particles are formed in the aqueous solvent, but such raw materials may 
be added after the particles have been formed. For example, particles free of a coloring 
10 agent are formed and then the coloring agent can be added thereto by a conventional 
dyeing method. 

There is no particular limitation to the dispersion method. There can be 
employed conventionally known apparatus such as a low-speed shearing type dispersion 
apparatus, a high-speed shearing type dispersion apparatus, a friction type dispersion 

15 apparatus, a high-pressure jet type dispersion apparatus, and an ultrasonic type dispersion 
apparatus. In order to obtain a dispersion including particles with a particle diameter of 
from 2 to 20 /xm, the high-speed shearing type dispersion apparatus is preferable for use. 

When the high-speed shearing type dispersion apparatus is used, there is no 
particular limitation to the number of revolutions, but the number of revolutions is usually 

20 in the range of from 1000 to 30000 rpm, preferably in the range of from 5000 to 20000 
rpm. 

There is no particular limitation to the dispersion time, but in the case of a batch 
system, the dispersion time is usually in the range of from 0.1 to 5 minutes. The 
temperature during the dispersion is usually in the range of from 1 to 150°C (under the 

25 application of pressure), preferably in the range of from 10 to 98°C. 

The amount of the aqueous solvent per 100 parts by weight of the dispersion is 
usually in the range of from 50 to 2000 parts by weight, preferably in the range of from 
100 to 1000 parts by weight. When the amount of the aqueous solvent is less than 50 
parts by weight per 100 parts by weight of the dispersion, the dispersion state of the 

30 dispersion is not so good that toner particles with the desired toner particle diameter 
cannot be obtained. However, the use of the aqueous dispersion in an amount that 
exceeds 2000 parts by weight is not economical. 

When necessary, a dispersant can be employed. It is preferable to use a 
dispersant to make a particle distribution sharper, and to stabilize the dispersing. As such 

35 a dispersant, there can be employed water-soluble polymers such as polyvinyl alcohol, 
hydroxyethyl cellulose, carboxylmethyl cellulose, and polyvinyl pyrrolidone, inorganic 
powders such as calcium carbonate powder, calcium phosphate powder, hydroxy apatite 
powder, and silica fine powder, and surfactants such as a nonionic surfactant, and an 
anionic surfactant, which are conventional ones. 

40 Specific examples of the anionic surfactant are fatty acid soaps such as sodium 



5 stearate, sodium dodecanate, dodecyl sodium sulfate, dodecylbenzene sodium sulfonate, 
and lauryl sodium sulfate. 

Specific examples of the nonionic surfactant are polyoxyethylene dodecyl ether, 
polyoxyethylene hexadecyl ether, polyoxyethylene nonylphenyl ether, polyoxyethylene 
lauryl ether, polyoxyethylene sorbitan monooleate ether, and monodecanoyl sucrose. 

10 Furthermore, emulsion-polymerized emulsions, for instance, emulsions with a 
copolymerized (meth)acrylic acid, can be effectively used for stabilizing the dispersion. 

As the organic solvent for use in the present invention, conventional organic 
solvents can be employed as long as the polyester resin can be dissolved therein. Volatile 
organic solvents with a boiling point of less than 100°C are preferable since they can be 

15 removed easily. Examples of such an organic solvent are ethyl acetate, acetone, methyl 
ethyl ketone, and THR 

The amount of such an organic solvent to be used per 100 parts by weight is 
usually in the range of from 10 to 500 parts by weight, preferably in the range of from 20 
to 400 parts by weight, more preferably in the range of from 50 to 300 parts by weight. In 

20 order to eliminate the organic solvent from the toner matrix particles dispersed in the 
aqueous solvent, there can employed a conventionally known method is employed in 
which the organic solvent is eliminated with the application of heat thereto under a 
normal or reduced pressure. At this moment, the polyester resin with an acid value and 
the metal alcolate and/or the methal chelate compound react to cause a cross-linking 

25 reaction which terminates quickly unlike the reaction, for instance, with isocyanate. 

The toner particle matrix liquid is then subjected to solid-liquid separation by 
use of a centrifuge, a sparkler filter, and a filter press to obtain a powder. The thus 
obtained powder is then dried, whereby a toner of the present invention can be obtained. 

The thus obtained toner is then dried by use of a conventional apparatus such as 

30 a pneumatic conveying dryer, a vibrating fluidization dryer, a fluidized bed type dryer, a 
reduced-pressure dryer, and an air-circulation dryer alone or in combination. 
Furthermore, when necessary, the toner can be classified to obtain a toner with a 
predetermined particle size distribution by use of, for in example, a pneumatic classifier. 

When necessary, the toner of the present invention can be used with the addition 

35 thereto of an additive such as a fluidizing agent. Specific examples of the fluidizing agent 
are fine powders of hydrophobic silica, titanium oxide, and aluminum oxide. The amount 
of such a fluidizing agent to be added per 100 parts by weight of a binder agent is usually 
in the range of from 0.01 to 8 parts by weight, preferably in the range of from 0.1 to 5 
parts by weight. 

40 In the toner of the present invention, there can be used, as an agent to be added 



5 externally or internally, an electric resistance adjusting agent or a lubricant such as 
inorganic fine powders of magnetite, ferrite, cerium oxide, strontium titanate, and 
electroconductive titania, styrene resin, and acrylic resin. The amount of these additives 
to be added is appropriately selected in accordance with the desired performance, and is 
usually in an amount of about 0.05 to 10 parts by weight per 100 parts by weight of the 
10 binder agent. 

The toner for image formation of the present invention may be used either in the 
form of a two-component type developer or in the form of a non-magnetic 
mono-component type developer. 

When the toner of the present invention is used in the form of the 

15 two-component type developer, there can be used as a carrier therefor conventionally 
known magnetic materials such as iron powder, magnetite powder, and ferrite powder, 
and resin-coated iron powder, magnetite powder, and ferrite powder at the surface 
thereof, and a magnetic carrier. As the resin for the resin coating of the resin-coated 
carrier, there can be employed, for example, styrene resin, acrylic resin, styrene - acrylic 

20 copolymer resin, silicone resin, modified silicone resin, fluoroplastics, and mixtures of 
these resins. 

In order to perform image formation with high resolution, the volume mean 
diameter of the toner is preferably in the range of from 3 to 8 /xm, more preferably in the 
range of from 4 to 7 jttm. Furthermore, it is preferable that the particle size distribution be 
25 such that the ratio of the volume mean diameter/the particle number mean diameter is in 
the range of from 1 to 2.5. 

For producing such a toner easily, the method of producing the toner of the 
present invention is suitable. 

Either when the toner of the present invention is used in the form of a 
30 mono-component type developer or when the toner of the present invention is used in the 
form of a two-component type developer, the toner of the present invention is placed in a 
toner container. The toner container filled with the toner is generally placed on the 
market, apart from the image forming apparatus, so that the customers usually attach the 
toner container to the image forming apparatus by themselves. 
35 There is no particular limitation to the toner container. It may be, for example, in 

the form of a bottle or in the form of a cartridge, as is used conventionally. The cartridge 
includes not only a conventional cartridge including a conventional toner container, but 
also a process cartridge in general use. 

Furthermore, there is no particular limitation to the image forming apparatus as 
40 long as it is an apparatus for forming images electrophotographically, so that the image 
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5 forming apparatus includes a cartridge-mounted image forming apparatus such as a 
copying machine and a printer. 

The method and the apparatus for determining the physical values of the 
materials used in the present invention will now be explained. 

10 (1) The glass transition temperature (Tg) of resin 

The Tg is determined by the steps of subjecting the resin to DSC measurement under 
the conditions of raising the temperature at a rate of 10°C/min by use of a 
commercially available apparatus (Rigaku THERMOFLEX TG8110, made by 
Rigaku Denki Co., Ltd.) and subjecting the result of the DSC measurement at a 

15 second time to a tangent method. 

(2) The acid value and the hydroxyl value of resin 

The measurement of each of these values is conducted in accordance with the 
Japanese Industrial Standards (JIS K0070), provided that a solvent such as dioxane, 
20 THF, o-dichlorobenzene is used for an insoluble sample. 

(3) The molecular weight distribution of resin 

The molecular weight distribution is measured by GPC (gel permeation 
chromatography). 

25 

The measurement is conducted as follows: 

The column is stabilized at 145°C in a heat chamber. 

As an eluate, o-dichlorobenzene containing 0.3%BHT is caused to flow through the 
30 column at this temperature at a flow rate of 1 ml/min. 50 to 200 /xl of 

o-dichlorobenzene solution of a sample resin with a concentration of 0.3 wt.% at 
140°C is injected to measure the molecular weight distribution of the resin. 

As the apparatus for the measurement, 1 50CV type, made by Waters, can be used, and 
35 as the column, Shodex AT-G + AT - 806MS (2 colums) can be used. 

In the measurement of the molecular weight of a sample, the molecular weight 
distribution of the sample is calculated from the relationship between the logarithmic 
value of a calibration curve prepared by use of several kinds of monodisperse 
40 polystyrene standard samples and a count number. A slice width is 0.05 seconds. As 
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5 the standard polystyrene samples for preparation of the calibration curve were used 

samples made by Pressure Chemical Co., or Toyo Soda Kogyo Co., Ltd., with the 
following molecular weights: 6 x 10 2 , 2.1 x 10 3 , 4 x 10 3 , 1.75 x 10 4 , 5.1 x 10 4 , 1.1 x 
10 5 , 3.9 x 10 5 , 8.6 x 10 5 , 2 x 10 6 , and 4.48 x 10 6 . Of these, at least about 10 standard 
polystyrene samples are used. As an analyzer, an RI (refractive index) analyzer is 
10 used. 

(4) The glass transition temperature (Tg) of releasing agent 
The Tg thereof is measured in the same manner as in the above-mentioned resin. 

(5) The mean particle diameter and the particle size distribution of the toner 
The mean particle diameter and the particle size distribution of the toner are measured 
by Coulter counter method. As the apparatus for measuring the particle size 
distribution of toner particles, there are Coulter counter TA-II and Coulter 
multi-analyzer II (both of them are made by Coulter Electronics, Inc.). 

In the present invention, the mean particle diameter and the particle size distribution 
of the toner are measured by use of Coulter counter TA-II, with an interface (made by 
Nikkaki Bois Co., Ltd.) which outputs number distribution and volume distribution 
being connected to a personal computer (PC9801 made by NEC Corp.). 

Method of measuring the number distribution and the volume distribution of toner 
particles 

For conducting this measurement, 0.1 to 5 ml of a surfactant (preferably an 
30 alkylbenzene- sulfonate) is added as a dispersant to 100 to 150 ml of an electrolytic 
aqueous solution. The electrolytic aqueous solution means here an about 1% NaCl 
aqueous solution which is prepared by use of a first grade sodium chloride. As such an 
electrolytic aqueous solution, for example, ISTON-11 (Coulter Scientific Japan Co.) can 
be used. 

35 2 to 20 mg of a sample to be measured is added to the above electrolytic solution 

and dispersed in an ultrasonic dispersing apparatus for about 1 to 3 minutes. By use of the 
above-mentioned measurement apparatus, provided with a 100 fim aperture, the volume 
and the number of particles of the toner particles are measured, and then the volume 
distribution and the number distribution of the toner particles are calculated therefrom. 

40 The particles with a particle size in the range of from 2.00 /xm to 40.30 /zm are 
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5 subjected to this measurement, using the following 13 channels: 

2.00 to less than 2.52 /xm; 2.52 to less than 3.17 /xm; 3.17 to less than 4.00 /*m; 4.00 to less 
than 5.04 /xm; 5.04 to less than 6.35 /xm; 6.35 to less than 8.00 /xm; 8.00 to less than 10.08 
/xm; 10.08 to less than 12.70 /xm; 12.70 to less than 16.00 /xm; 16.00 to less than 20.20 
/xm; 20.20 to less than 25.40 /xm; 25.40 to less than 32.00 /xm; and 32.00 to less than 40.30 
10 /xm. 

The weight mean particle diameter (Dv) with a volume basis of the toner, 
determined from the volume distribution thereof, and the number mean particle diameter 
(Dn) are obtained, from which the ratio of Dv/Dn is obtained. 

The present invention will now be explained in detail with reference to the 
15 following examples. However, the present invention is not limited to the following 
examples. 

Other features of this invention will become apparent in the course of the 
following description of exemplary embodiments which are given for illustration of the 
invention and are not intended to be limiting thereof. 

20 

Examples of Preparation of Polyester Resins 

The raw materials, with each of the formulations, shown in Table 1, were placed 
in a reaction chamber equipped with a reflux condenser, a stirrer, and a nitrogen-gas 
introduction tube, with the addition thereof of 1 part by weight of dibutyl tin oxide and 
25 0.05 parts by weight of hydroquinone, and were allowed to react at 1 80°C at atmospheric 
pressure for 8 hours. The temperature of the reaction mixture was then raised to 200°C 
and was reacted under reduce pressure of 10 to 15 mmHg until a polyester resin with the 
desired softening point Fi/ 2 was obtained. 

Table 1 shows the formulation and the physical properties of each of the 
30 polyester resins Al to A7 thus obtained. 

Example 1 

In a container equipped with a stirrer and a thermometer, the following 
components were placed with the following formulation: 

35 Parts by Weight 

polyester resin Al 382 
polyester resin A2 68 
carnauba wax 28 
carbon black (REGAL 400R, made by Cabot Corp.) 36 

40 CCA (E-84, Salicylic acid metal complex, 
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5 made by Orient Chemical Industries, Inc.) 5 

aluminum trisacetylacetonate 4.2 
ethyl acetate 510 

10 The above reaction mixture was heated to 80°C with stirring, and was 

maintained at the same temperature with stirring for 5 hours, and then cooled to 30°C, 
taking the time of one hour. 

The reaction mixture was then dispersed so as to disperse the carbon black and 
the wax sufficiently by use of a bead mill (ULTRA VISCO MILL, made by IMEX Co., 
15 Ltd.) under the conditions that the liquid feeding rate was 1 kg/hr, the disc peripheral 
speed was 6 m/sec, and the filling ratio of 0.5 mm zirconia beads was 80 volume %, using 
3 paths, whereby a colored organic solvent dispersion was obtained. 

In another container, the following components were placed and mixed with 
stirring, whereby an aqueous solution was obtained: 
20 Parts by Weight 

deionized water 1050 
sodium dodecylbenzenesulfonate 7.6 
sodium dodecyldiphenyl ether disulfonate 2.6 
carboxymethyl cellulose (CELLOGEN BSH, 
25 made by DAI-ICHI KOGYO SEIYAKU Co., Ltd.) 2.5 

To the thus obtained aqueous solution was added the above-mentioned colored 
organic solvent dispersion. The mixture was then mixed in TK homomixer (made by 
TOKUSHUKIKA KOGYO Co., Ltd.) at 13,000 rpm for 30 minutes, whereby a toner 
30 matrix particle dispersion was obtained. 

The toner matrix particle dispersion was placed in a container equipped with a 
stirrer and a thermometer and was subjected to solvent-elimination processing at 30°C for 
8 hours and was then subjected to aging at 45 °C for 4 hours, whereby a toner slurry was 
obtained. 

35 A liquid was removed from this toner slurry by filtration to obtain a wet toner. 

The wet toner was then dried, whereby a toner was obtained. The volume mean particle 
diameter of the thus obtained toner was measured by Multisizer. The volume mean 
particle diameter of the toner was 4.65 fim. 

To 100 parts of this toner were added 1.5 parts of hydrophobic silica (R-972, 

40 made by Aerosil Japan Co., Ltd.), and the mixture was mixed in a Henschel mixer, 
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5 whereby a toner sample No. 1 for evaluation was prepared. 
Examples 2 to 6 

Toner samples Nos. 2 to 6 were prepared in the same manner as in Example 1 
except that the formulation of the toner in Example 1 was changed as shown in Table 2, 
10 with respect to the polyester resin other than the polyester resin Al and the wax. 

Comparative Example 1 

Comparative toner sample No. 1 was prepared in the same manner as in Example 
1 except that aluminum trisacetylacetate employed in Example 1 was not added. 

15 

Comparative Example 2 

In a container equipped with a reflux condenser, a stirrer and a nitrogen-gas 
introduction tube, the following components were placed with the following formulation: 

Parts by Weight 

20 polyester resin A 1 100 

tolylenediisocyanate (TDI) 20 
dibutyl tin oxide 0.5 
ethyl acetate 80 

25 The above reaction mixture was allowed to react with the ethyl acetate being 

refluxed at atmospheric pressure for 3 hours, and was then cooled. 

The ethyl acetate was then removed under reduced pressure, whereby a polyester 
resin Bl with isocyanate at the terminal thereof. 

A comparative toner sample No. 2 was obtained in the same manner as in 
30 Example 1 except that the polyester resin A2 used in Example 1 was replaced by the 
above obtained polyester Bl. 

Evaluation 

Each of the above obtained toner samples was evaluated with respect to (1) 
35 image fixing performance, (2) chargeability, and (3) preservation stability. 

(1 ) Evaluation of image fixing performance 

A commercially available copying machine (MF2200, made by Ricoh Company, 
Ltd.) with a modified image fixing unit was used for the evaluation of each of the 
40 toner samples with respect to the image fixing performance thereof. As a copying 
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paper, a commercially available copying paper (Type 6200, made by Ricoh 
Company, Ltd.) was used. 

Each of the toner samples was set in the above copying machine, and a copying test 
was conducted, using the above copying paper. In the copying test, (a) a cold offset 
temperature which is a lower limit temperature at which image fixing can be carried 
out, and (b) a hot offset temperature which is an upper limit temperature above 
which image fixing cannot be carried out due to the occurrence of hot offset were 
determined by changing the image fixing temperature. 

The evaluation of the cold offset temperature was carried out under the following 
conditions: 

copying paper feeding speed: 120 to 150 mm/sec 

pressure applied by an image fixing roller: 1 .2 Kgf/cm 2 
nip width of the image fixing area: 3 mm 

The evaluation of the hot offset temperature was carried out under the following 
conditions: 

copying paper feeding speed: 50 mm/sec 

pressure applied by an image fixing roller: 2.0 Kgf/cm 
nip width of the image fixing area: 4.5 mm 

The results are shown in Table 3. The cold offset temperature of a conventional 
toner is in the range of from 140°C to 150°C. 

In Table 3, figures 5, 4, 3, 2, and 1 in the row of the lowest image fixing 
temperature denote as follows: 

5: less than 120°C; 

4: 120°Cto 130°C; 

3: 130°C to 140°C; 

2: 140°Cto 150°C; 

1: more than 150°C. 

Further, in Table 3, figures 5, 4, 3, 2, and 1 in the row of the hot offset 
temperature denote as follows: 
5: more than 201°C; 
4: 200°C to 191°C; 
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3: 190°C to 181°C; 
2: 180°C to 171°C; 
1: 170°Corless. 



(2) The evaluation of chargeability 

Each of the above toner samples was mixed with a carrier (FL-100, made by 
POWDER-TEC. Co., Ltd.) to prepare a developer with a toner concentration of 5 %. 
The developer was stirred in a ball mill for 1 hour, and then 6 g of the developer was 
placed in a metal cylinder that can be sealed tightly and subjected to blowing, 
whereby the charge quantity (/xC/g) of each toner sample was measured. The results 
are shown in Table 3. 

(3) The evaluation of preservation stability 

Each of the toner samples was placed in a glass container and was then allowed to 
stand in a constant temperature bath at 50°C for 24 hours. The toner sample was 
then cooled to 24°C, and was subjected to penetration measurement in accordance 
with the Japanese Industrial Standards (JIS K2235-1991). The larger the value of the 
penetration, the better the thermal preservation stability. A toner with a penetration 
value of 5 mm or less has a problem when used in practice. The results of the 
measurement and the evaluation thereof are shown in Table 3. 

In Table 3, figures 5, 4, 3, 2, and 1 in the row of the preservation stability denote the 
degree of the penetration as follows: 

5: pass through 

4: 25 mm or more 

3: 20 to 25 mm 

2: 15 to 20 mm 

1 : less than 1 5 mm 
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According to the present invention, there can be provided a toner which is 
capable of satisfying the requirements for the required low-temperature image fixing as 
well as the required image fixing temperature range, and a method of producing the toner. 

Furthermore, the present invention provides toner containers such as a toner 
5 cartridge and a process cartridge which are loaded with the toner. Such toner containers 
can be detachably mounted on an image forming apparatus. 

All references, patents, applications, etc. mentioned above are incorporated 
herein by reference, as are Japanese priority documents 2003-75497 and 2003-128384. 
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